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TEMPERATURE CONTROL SYSTEM FOR COMPRESSOR EXHAUST 
CROSS-REFERENCE TO RELATED APPLICATION 

This application claims priority of Taiwanese 
application no. 092110183, filed on April 30, 2003. 
5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a temperature control system, 
more particularly to a temperature control system for 
compressor exhaust . 

10 2 . Description of the Related Art 

During operation of a compressor, partial pressure 
of water vapor in a compressed working substance 
increases in view of a pressure increase due to 
compression . When the partial pressure of the water vapor 

15 exceeds a saturation pressure, the water vapor starts 
to condense. In this regard, the temperature at which 
water vapor starts to condense at ambient conditions 
is referred to herein as the ambient dew point, whereas 
the temperature at which water vapor starts to condense 

20 at pressurized conditions is referred to herein as the 

pressure dew point . Since the partial pressure of water 
vapor is increased at pressurized conditions, the dew 
point of a working substance after compression (i.e., 
the pressure dew point) is higher than the dew point 

25 of the working substance before compression (i.e., the 

ambient dew point) . In general, exhaust temperature of 
a compressor can exceed one hundred degrees centigrade, 
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and can even reach two hundred degrees centigrade . Under 
such high exhaust temperatures, water vapor in the high 
temperature working substance is unlikely to condense. 
However, when the high temperature working substance 
5 passes through a cooling device for cooling, 
condensation of the water vapor is possible since the 
temperature of the working substance could be lowered 
to less than the pressure dew point. 

Compression in a conventional helical compressor, 

10 which is widely used in the industrial sector, is 
conducted in a spiral manner. Lubricant in the 
compression chamber not only serves to lubricate 
components in the compression chamber, but also serves 
to remove large amounts of heat generated during 

15 compression to lower the exhaust temperature . As a result , 

the temperature can be kept uniform during compression 
operation of the compressor to enhance the compression 
efficiency. However, since the part ial pressure of water 
vapor is increased during the compression operation, 

20 the outlet temperature of the compressor must be 
controlled to be higher than a threshold value to prevent 
condensation of the water vapor as a result of low exhaust 
temperature. It is noted that accumulation of water 
condensate in the compressor can lead to rusting of 

25 compressor components and lubricant degradation. On the 

other hand, if the exhaust temperature is too high, 
clearances among the components of the compressor will 
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be affected, and the service life of the lubricant will 
be shortened. 

Therefore, to overcome the aforesaid drawbacks, a 
conventional temperature control valve is widely used 
5 in the helical compressor for adjusting lubricant flow 

in a cooling device of the compressor to thereby control 
the exhaust temperature . For instance, during an initial 
stage of compressor operation, the lubricant 
temperature is still low, and the control valve controls 

10 lubricant flow such that the lubricant bypasses the 

cooling device, as a result of which the lubricant 
temperature rises quickly. When the lubricant 
temperature reaches a certain value, the control valve 
feeds an amount of the lubricant to the cooling device, 

15 thereby controlling the exhaust temperature. In other 
words, the exhaust temperature is controlled indirectly 
through control of the lubricant temperature. 

However, since the control valve operates within a 
preset temperature range, the exhaust temperature is 

20 restricted to be within a corresponding range. Hence, 
when it is desired to control the exhaust temperature 
to be outside the preset range to correspond with ambient 
conditions, manual adjustment of the temperature 
control valve must be performed. For instance, the 

25 exhaust temperature of a compressor can be controlled 
to 85 degrees centigrade during summertime when the 
temperature and humidity are normally high to prevent 
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condensation of water vapor in the compressor exhaust. 
If manual seasonal adjustment of the control valve was 
not performed, the exhaust temperature will be 
controlled to the same value throughout the autumn and 
5 winter seasons . In reality, the temperature and humidity 

during the autumn and winter seasons are much lower than 
those during summertime, and the pressure dew point for 
water vapor in the compressor exhaust will be lower 
accordingly. Hence, there is a need for a temperature 

10 control device that can automatically control the 

temperature of compressor exhaust to avoid condensation 
of water vapor whi le ensuring uni f orm temperature during 
compression operation of the compressor to enhance the 
compression efficiency, and without shortening the 

15 service life of the lubricant. 
SUMMARY OF THE INVENTION 

Therefore, the object of the present invention is 
to provide a temperature control system capable of 
adjusting ' the temperature of compressor exhaust 

20 according to detected temperature and humidity 
conditions so as to reduce power consumption and prolong 
the service life of a compressor. 

According to the present invention, a temperature 
control system for exhaust generated by a compressor 

25 comprises a data sampling unit, an exhaust sensor, a 

control unit, and a temperature ad j ust ing uni t . The data 
sampling unit obtains temperature and humidity values 
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of an environment of the compressor. The exhaust sensor 
senses exhaust temperature. The control unit is coupled 
to the data sampling unit and the exhaust sensor, 
generates a reference temperature value from the 
5 temperature and humidity values received from the data 

sampling unit, and further generates a control signal 
from the reference temperature value and the exhaust 
temperature received from the exhaust sensor. The 
temperature adjusting unit is coupled to the control 

10 unit, and is operable so as to adjust the exhaust 
temperature in response to the control signal received 
from the ' control unit. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present 

15 invention will become apparent in the following detailed 
description of the preferred embodiment with reference 
to the accompanying drawings, of which: 

Figure 1 is a schematic circuit block diagram of the 
preferred embodiment of a temperature control system 

20 for compressor exhaust according to the present 

invention; 

Figure 2 is a schematic diagram illustrating an air 
compressor that incorporates the preferred embodiment 
of this invention; and 
25 Figure 3 is a schematic diagram illustrating- a 

multi-stage compressor that incorporates the preferred 
embodiment of this invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Figure 1, the preferred embodiment of 
a temperature control system 1 according to the present 
invention is shown to include a data sampling unit 10, 
5 an exhaust sensor 15 , a control unit 11 , and a temperature 
adjusting unit 12 . 

The data sampling unit 10 includes a temperature 
sensor 13 and a humidity sensor 14 for obtaining 
temperature and humidity values of an environment of 

10 a compressor 2 . When the temperature control system 1 
is used in an air compressor 4, such as that illustrated 
in Figure 2, the temperature sensor 13 and the humidity 
sensor 14 are used to sense ambient temperature and 
humidity, respectively. When the temperature control 

15 system 1 is used in a multi-stage compressor or gas 

compressor 5, such as that illustrated in Figure 3, the 
temperature sensor 13 and the humidity sensor 14 are 
used to sense temperature and humidity at an intake of 
the compressor 5, respectively. 

20 The exhaust sensor 15 senses exhaust temperature of 

the compressor 2 . The position of the exhaust sensor 
15 on the compressor 2 can vary according to the 
compressor type . For example, when the present invent ion 
is applied to the helical compressor 4 of Figure 2, the 

25 exhaust sensor 15 is disposed at an exhaust pipe 41 of 
the compressor 4 . When the present invention is applied 
to the multi-stage compressor or gas compressor 5 of 
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Figure 3, the exhaust sensor 15 is disposed at an intake 
pipe 53 that interconnects first and second compression 
sections 51, 52 of the compressor 5. 

The control unit 11 is coupled to the data sampling 
5 unit 10, the exhaust sensor 15, and the temperature 
adjusting unit 12 . The control unit 11 includes a central 
processing unit (not shown) for calculating a pressure 
dew point from the temperature and humidity values 
received from the data sampling unit 10, and for adding 

10 a user-defined value to the pressure dew point so as 

to generate a reference temperature value. The 
user-defined value can be manually adjusted to meet 
actual requirements. The control unit 11 further 
generates a control signal 111 according to result of 

15 a comparison made thereby between the reference 
temperature value and the exhaust temperature received 
from the exhaust sensor 15. 

The temperature adjusting unit 12 is coupled to the 
control unit 11 and is operable so as to adj us t the exhaust 

20 temperature in response to the control signal 111 

received from the control unit 11. In this embodiment, 
the temperature adjusting unit 12 includes a control 
valve driven by the control signal 111 and adapted to 
control coolant flow in the compressor 2 . When the present 

25 invention is applied to the helical compressor 4 of Figure 

2, the control valve 120 of the temperature adjusting 
unit 12 can be disposed at a supply pipe 42 or a coolant 
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pipe 43 of the compressor 4 . When the present invention 
is applied to the multi-stage compressor or gas 
compressor 5 of Figure 3, the control valve 120 of the 
temperature adj us ting unit 12 can be disposed at a coolant 
5 pipe 5 4 between the first and second compression sections 
51 , 52 of the compressor 5. As such, when the control 
valve 120 is driven by the control signal 111, the flux 
of lubricant in the supply pipe 42 or the flux of water 
(or coolant) in the coolant pipe 43, 54 can be adjusted 
10 to prevent condensation of water vapor in the compressor 

exhaust . 

In practice, the compressor 2 may employ a fin- type 
heat dissipater and a cooling fan instead of a circulating 
coolant for cooling. In this situation, the temperature 

15 adjusting unit 12 of the control system 1 of this 
invention can be implemented as a fan controller (not 
shown) driven by the control signal 111 and adapted to 
control speed of the cooling fan. 

The temperature control system 1 of this invention 

20 is operable to adjust exhaust temperature of the 
compressor 4, 5 in accordance with the temperature and 
humidity conditions of the compressor 4, 5 such that 
condensation of water vapor in the compressor 4, 5 can 
be avoided, such that uniform temperature during 

25 compression operation of the compressor 4, 5 can be 

ensured so as to enhance the compression efficiency, 
and such that service lives of components of the 
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compressor 4, 5 and the lubricant can be prolonged. The 
following supplementary calculations are provided to 
verify the improved effects attributed to the 
temperature control system 1 of this invention. 
5 In the following situation, which takes place in the 

summertime, the ambient temperature is 36 °C , the 

relative humidity is 100%, the vapor pressure is 
0 . 06059kg/cm 2 , and the compressor exhaust pressure is 
8k: 

10 0.06059 * 9 (absolute pressure = exhaust pressure 

8k + atmospheric pressure lk) = 0.5453 kg/cm 2 . 

The calculated pressure dew point corresponding to 

a compressor exhaust pressure of 8k is 83°C . Hence, a 
reasonable temperature for compressor exhaust control 
15 can be set to 85°C . 

In another situation, which takes place in the spring 
or autumn season, the ambient temperature is 15°C , the 

relative humidity is 70%, the vapor pressure = 0.01738 
(a saturated vapor pressure) * 70% = 0.01217 kg/cm 2 , 
20 and the compressor exhaust pressure is 8k: 

0.01217 * 9 (exhaust pressure 8k + atmospheric 
pressure lk) = 0.1095 kg/cm 2 . 

The calculated pressure dew point corresponding to 

a compressor exhaust pressure of 8k is 47°C . However, 
25 if the temperature for compressor exhaust control is 
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maintained at 85°C / 
T 2 /T 1 =(P 2 /P 1 ) < k - l >/ fc # 

(273+85) / (273+15) = (9 (absolute pressure)/ 
1 (atmospheric pressure) ) (k_1)/k / and 
k = 1.11. 

Therefore, a theoretical horsepower of the 
compressor when the exhaust temperature is 85°C can be 
calculated as follows: 

(P/0. 45625) * (k/ (k-1) ) * [ ( (P2/P1) (k " 1)/k ~ 1)] 
= (1/0 .45625) * (1 . 11/0 . 11) * [( (9/1) (0.11/1.11) _ 1}] 

= 5.38 HP/m 3 /min. 

If, instead, the temperature for compressor exhaust 
control is set to 54°C (which is 7°C higher than 47°C) , 
(273 + 54) / (273 + 15) = 9< k - 1 >/ k , and 
k = 1 . 062 . 

Therefore, a theoretical horsepower of the 

compressor when the exhaust temperature is 54°C can be 

calculated as follows: 

(1/0.45625) * (1.062/0.062) * [ 9 ( 0 * 062/1 * 062) - 1 ] 
= 5.14 HP/m 3 /min. 

In yet another situation, which takes place in the 
winter season, the ambient temperature is 2 °C , the 
relative humidity is 4 0% , the vapor pressure = 0.007194 
(a saturated vapor pressure) * 40% = 0.002878 kg/cm 2 , 
and the compressor exhaust pressure is 8k: 



0.002878 * 9 = 0.0259 kg/cm 2 . 

The calculated pressure dew point corresponding to 
a compressor exhaust pressure of 8k is 21°C . Hence, if 
the temperature for compressor exhaust control is set 
to 31°C (10°C higher than 21°C), 

(273+31) / (273 + 2) = 9 (k " 1)/k / and 

k = 1 . 048 . 

Therefore, a theoretical horsepower of the 

compressor when the exhaust temperature is 31°C can be 

calculated as follows: 

(1/0.45625)* (1.048/0.48) * [ 9 (0 ' 048/1 * 048) - 1 ]] 
= 5.07 HP/m 3 /min. 

From the foregoing, during the spring and autumn 
seasons, if the temperature control system 1 of this 
invention is applied for suitable adjustment of the 
compressor exhaust temperature, the horsepower saving 
is : 

(5 . 38-5 . 14 ) /5 . 14=4 . 7% 

Moreover, during the winter season, more horsepower 
is saved: 

(5 . 52-5 . 07) /5 . 07 = 8 . 9% 

Furthermore, if the compression efficiency is 75%, 
the horsepower saving during the spring and autumn 
seasons is: 

4 . 7%/75% = 6 . 3%, 
whereas during the winter season, the horsepower saving 
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is : 

8 . 9%/75% = ll . 9% 

Therefore, from the aforesaid calculations, by 
detecting environmental temperature and humidity for 
5 generating a reference temperature value to be compared 

with an exhaust temperature of the compressor and for 
subsequently generating a control signal to the 
temperature adjusting unit 12 to adjust the exhaust 
temperature of the compressor 2 accordingly, 

10 condensation of water vapor in the compressor 2 can be 
avoided, power consumption of the compressor 2 can be 
lowered, and the service life of the compressor 2 can 
be prolonged. 

The following are some of the advantages of the 

15 temperature control system 1 of this invention: 

1 . The operating temperature of the compressor 2 can 
be lowered so as to increase the compression efficiency, 
and so as to prolong service lives of both electrical 
and mechanical components of the compressor 2 . 

20 2. For special working substances, the compressor 

2 can operate at lower temperatures without condensation 
of water vapor in the compressor 2, which results in 
improved safety during use of the compressor 2 . 

3. For a multi-stage compressor, cooling of 

25 compressed gas in a preceding section will not result 

in water vapor condensate entering into a succeeding 
section, thereby minimizing the possibility of 
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corrosion. Moreover, the intake temperature at the 
succeeding section can be lowered to minimize heat stress 
of components therein. 

4. When applied to a helical compressor, better 
5 separation of oil from gas is possible. In general, the 

exhaust of the helical compressor has a substantial 
amount of oil contained therein. Hence, an appropriate 
mechanism must be utilized to separate oil from gas so 
as to prevent scattering of oil in the working environment 

10 However, as the problem of oil-gas separation is 
aggravated at high temperatures, by lowering the 
lubricant temperature , the efficiency of separating oil 
from gas is improved, thereby resulting in a cleaner 
working environment and in lower lubricant consumption. 

15 Moreover, the helical compressor uses a large amount 
of lubricant for both lubrication and cooling. The 
service life of the lubricant is very closely related 
to the compressor exhaust temperature. That is, the 
higher the exhaust temperature, the faster will be the 

20 degradation of the lubricant. In addition, viscosity 

of the lubricant is inversely proportional to the 
compressor exhaust temperature . Lower viscosity results 
in a poor lubricating effect, which shortens the service 
lives of compressor components and which results in a 

25 poor sealing effect of compression chambers . Therefore, 
since the compressor exhaust temperature is 
appropriately adjusted through the temperature control 



system 1 of this invention, the service life of the 
lubricant can be prolonged. 

While the present invention has been described in 
connection with what is considered the most practical 
and preferred embodiment, it is understood that this 
invention is not limited to the disclosed embodiment 
but is intended to cover various arrangements included 
within the spirit and scope of the broadest 
interpretation so as to encompass all such modifications 
and equivalent arrangements. 



